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BACKGROUND 

This invention relates generally to a method and apparatus for fabricating an 
electronic module. 

A typical integrated circuit (IC) or semiconductor die includes external 

10 connection points termed "bond pads" that are in electrical communication with 

integrated circuits formed in or on the active surface of the die. The bond pads are used to 
provide electrical connection between the integrated circuits and external devices, such as 
lead frames or printed circuit boards. The bond pads also provide sites for electrical 
testing of the die, typically by contact with probes, which send and receive signals to and 

1 5 from the die to evaluate the functionality of the die. 

In a conventional die/lead frame assembly, the semiconductor die is attached to a 
die paddle of a lead frame using an adhesive or tape. The bond pads formed on the face 
of the die are typically electrically and mechanically attached to lead fingers terminating 
adjacent the periphery of the die using thin bonding wires of gold, aluminum or other 

20 metals or alloys. Other types of lead frames, such as so-called "leads over chip" (LOC) or 
"leads under chip" (LUC), dispense with the die paddle and support the die from portions 
of the lead fingers themselves. 
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Wire bonding is typically a process through which some or all of the bond pads 
formed on the face of the die are connected to the lead fingers or buses of a lead frame by 
thin bonding wires. The bonding wires comprise the electrical bridge between the bond 
pads and the leads of the packaged integrated circuit. A wire bonding apparatus bonds the 
5 bonding wires to the bond pads and to the lead fingers, typically using heat and pressure, 
as well as ultrasonic vibration in some instances. Following wire bonding, the lead frame 
and die are typically encapsulated in a plastic (particle-filled polymer) or packaged in a 
preformed ceramic or metal package. After encapsulation, the lead fingers are then 
trimmed and usually bent to form external leads of a completed semiconductor package 

10 in what is termed a "trim and form" operation. 

Another wire bonding application may include chip-on-board (COB), where the 
back-side surface of a bare IC die is directly mounted on the surface of a substantially 
rigid printed circuit board (PCB) or other carrier substrate, and bond pads on the front- 
side or active surface of the bare die are then wire bonded to wire bondable trace pads or 

1 5 terminals on the surface of the PCB to interconnect circuitry in the die with external 
circuitry through conductive traces on the PCB. Likewise, wire bondable traces may be 
formed from a metal film carried on a flexible polyimide or other dielectric film or sheet 
similar to those employed in so-called TAB (tape automated bonding) lead frame 
structures. A die may be back-mounted on the flex circuit and the traces wire bonded to 

20 bond pads on the surface of the die. 

A typical die bond pad is formed as a rectangle or square framed or bounded by a 
passivation layer on the face of the die. Bond pads are typically formed from a 
conductive metal such as aluminum and electrically connected to an underlying 
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integrated circuit formed in or on the die. A passivation layer formed of a dielectric 
material (silicon dioxide, silicon nitride, polyimide, BPSG, etc.) or as a sandwich of 
different materials (e.g., silicon dioxide/silicon) covers the oxide layer, and the bond pad 
is embedded in the passivation layer. Such bond pads may be located generally along the 
5 peripheral edges of the die, inset from the edges a desired distance, or in one or more 
center rows. These bond pads are then typically wire bonded to a lead frame, 
thermocompression bonded to an overlying TAB tape or flip-chip bonded (with 
appropriate prior "bumping" of the bond pads) to a printed circuit board. 

U.S. Patent 6,630,372 discloses a semiconductor device, such as an integrated 

10 circuit die, that includes a plurality of bond pads on an active surface thereof electrically 
connected to internal circuitry of the semiconductor device, and a plurality of jumper 
pads on the active surface, which are electrically isolated from internal circuitry of the 
die. The jumper pads effectively provide connection for wire bonds to be made across the 
active surface between bond pads. The jumper pads may be formed directly on the 

15 semiconductor device or on a non-conductive support structure that is attached to the 
semiconductor device. The 6 372 patent notes that it is often desirable to interconnect 
various bond pads on a single semiconductor die in order to alter the input and/or output 
functionality of the die, such as when it is necessary to "wire around" defective portions 
of a die which is only partially functional. For example, a 16 megabit DRAM memory 

20 die may only demonstrate 1 1 megabits of functional memory under electrical testing and 
burn-in. Alternatively, it may be desirable for a die having a given input/output (bond 
pad) configuration to "look" to a particular lead frame or carrier substrate as if it were 
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configured differently so that the die could be used with a lead frame for which it was not 
originally intended. 

The device of the '372 patent shows embodiments of radio frequency (RF) 
circuits used in wireless communications. The RF circuit typically consists of transistors, 
5 diodes, and a large network of passive components such as inductors (L), capacitors (C) 
and resistors (R). Due to the physics of inductor and capacitor, these networks of passive 
components often takes up large die area. To reduce the die cost, RF module are 
commonly made of IC and discrete passive elements which are SMD mounted on a 
multi-layer printed circuit board (PCB) substrate or embedded in a ceramic structure such 
10 as low-temperature co-fired ceramics (LTCC) substrate. However, modules made with 
discrete components are generally bulky limiting the ability to reduce module size. 
Further, imprecise control of substrate material property, dimension, or circuit layout 
often results in low RF performance. 
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SUMMARY 

Systems and methods are disclosed for a device having an active substrate 
comprising substantially transistors or diodes formed thereon; a passive substrate 
comprising substantially inductors, capacitors or resistors formed thereon; a plurality of 
5 bonding pads positioned on the active and passive substrates; and bonding wires 
connected to the bonding pads. 

Implementations of the device may include one or more of the following. The 
module can be made of one or more active substrates for active and certain supporting 
passive components. The module can include one or more substantially passive 

10 substrates for passive components only. The substrates are interconnected with bonding 
wires. The substrates can be mounted on a metal lead-frame, and can be encapsulated in 
molded plastics. The active substrate contains primarily for transistors, which could be 
either Silicon Biploar, CMOS, RFCMOS, BICOMS, SiGe, GaAs HBT, HEMT, etc. They 
are typically made from more expensive wafers with the semiconductor layer structure, 

1 5 with active devices, junctions, and dopings. The passive substrate is for circuits 

network of R, L, C which do not need active device structure. A few conductive metal 
layers can be used on the passive substrate for inductor (L) and interconnection. An 
insulating layer with suitable dielectric properties such as Nitride or Oxide can be used as 
the dielectric layer for capacitor (C). The passive substrate can include a layer such as 

20 TaN and NiCr for resistor (R). Passive components can still be on the die of the active 
IC, but the bulky elements of circuit of passive components such as transmission lines, 
impedance matching network, filters, balun, or diplexers are located in the inexpensive 
dies of passive substrate. 
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Advantages of the module can include one or more of the following. The passive 
substrates are manufactured on semi-insulating GaAs or insulator wafer without the 
active transistor structure layer, which reduce wafer cost and processing time. Passive 
components on the passive substrates are made with precision semiconductor process 
5 with high quality control of component values. Comparing with PCB, the higher 

dielectric constant of GaAs results in smaller size for same RF circuit. The metal lead 
frame provides better heat dissipation for power devices. RF modules can be made with 
metal lead frame, thus eliminating PCB/LTCC substrate and SMD steps. The metal lead 
frame also allows higher temperature in subsequent manufacturing steps. 

10 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the above recited and other advantages and 
features of the invention are obtained, a more particular description of the invention 
briefly described above will be rendered by reference to specific embodiments thereof, 
5 which are illustrated, in the appended drawings. Understanding that these drawings depict 
only typical embodiments of the invention and are not therefore to be considered to be 
limiting of its scope, the invention will be described and explained with additional 
specificity and detail through the use of the accompanying drawings in which: 

The accompanying drawings, which are incorporated in and form a part of this 
10 specification, illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention: 

Figure 1 is a system diagram of a module having active and passive substrates on 
the die pad. 

Figure 2 is the electrical schematics for a wireless module in accordance to an 
1 5 embodiment of the present invention. 

Figure 3 illustrates an exemplary IC pin-out. 
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DESCRIPTION 

Reference will now be made in detail to the preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. While the 
invention will be described in conjunction with the preferred embodiments, it will be 
5 understood that they are not intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, modifications and equivalents, 
which may be included within the spirit and scope of the invention as defined by the 
appended claims. Furthermore, in the following detailed description of the present 
invention, numerous specific details are set forth in order to provide a thorough 

10 understanding of the present invention. However, it will be obvious to one of ordinary 
skill in the art that the present invention may be practiced without these specific details. 
In other instances, well known methods, procedures, components, and circuits have not 
been described in detail as not to unnecessarily obscure aspects of the present invention. 
Figure 1 shows an exemplary semiconductor device 10. The device 10 can be any 

15 suitable communications circuit. The device 10 of Fig. 1 is manufactured to deliver 

excellent RF, analog, and digital performance and reliability at a competitive cost. This 
is achieved by separating the circuit into one or more active substrates that are electrically 
connected to one or more passive substrates, all of which are positioned on a die pad for 
subsequent soldering onto a communications printed circuit board. 

20 As illustrated in Fig. 1, the module 10 is a device, which includes a die pad 12 of 

generally rectangular configuration. The module has a surface carrying a plurality of 
conductive pads called pins 16 proximate its perimeter. The pins 16 and the die pad 12 
are packaged as an integral part of the module 10, making contact with and providing an 
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external contact for internal circuitry (not shown) contained within the module 10. The 
pins 16 and the die pad 12 can be encapsulated in insulating material such as plastics or 
ceramics to become an integral part as is known in the art. The die pad 12 can be used as 
a ground, providing direct thermal path for heat removal from the module. 

5 

. The pins 16 are preferably formed from a conductive material such as a metal, 
metal alloy, or any other suitable material known in the art to which a wire bond can be 
attached. The pins 16 may be mechanically stamped, chemically etched, silk-screened, 
printed, sprayed through a patterned mesh, electrochemically deposited, or electroplated, 

10 electroless-plated or otherwise formed to the preferred pattern. . 

The integrated circuit dies, which are fabricated on semiconductor substrates, are 
mounted on the die pad 12. A first active substrate 20, a second active substrate 30 and a 
first passive substrate 40 are mounted on the die pad 12. In one embodiment, the active 
substrate 20 can include power amplifiers and low noise amplifiers, while the second 

1 5 active substrate 30 can include switches thereon. The first passive substrate 40 includes 
passive components such as capacitors, inductors or resistors that form filters and 
diplexers, among others. Each substrate 20, 30 or 40 contains a number of bonding pads 
22 that are electrically connected (wire-bonded) to other bonding pads 22 on the 
substrates 20, 30 or 40 or to pins 16 on the die perimeter. Moreover, each substrate 20, 

20 30 and 40 may have intra-substrate pads that allow wire-bonding to be done within a 
substrate. 

The first and second active substrates 20 and 30 can be combined into one active 
substrate, or alternatively, can be split into a number of active substrates. Further, 
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passive devices can be used in the active substrates 20 and 30. However, due to cost and 
performance reasons, it is preferred that the active substrates 20 and 30 contain mainly 
active devices such as diodes and transistors that form the PAs and the LNAs. Similarly, 
due to cost reasons, the passive substrate 40 contains mostly passive devices such as 
5 capacitors, inductors and resistors even though on occasions, the passive substrate 40 can 
contain a few diodes and transistors that do not need the precision and performance of 
devices fabricated on the active substrates 20 and 30. In one embodiment, the substrates 
can be fabricated using gallium arsenide (GaAs) and in particular the active substrates 
can be processed to form heterojunction bipolar transistors (HBT) thereon. Other 
1 0 semiconductor materials may also be used. 

The substrates 20, 30 and 40 may be preformed, and each adhesively attached to 
the die surface with an adhesive such as an epoxy or other similar material known in the 
art. 

The semiconductor dies 20, 30, and 40 can be mounted to a conventional lead 
1 5 frame as is known in the art. Alternatively, the lead frame can include a plurality of lead 
fingers extending outwardly from proximate the perimeter of the module 10 and a die 
paddle which supports the die 10 relative to the lead fingers. The lead fingers form leads 
for a packaged semiconductor device after transfer-molded polymer encapsulation of the 
dies 20, 30 and 40 and lead frame as is known in the art. 
20 Wire bonds 32 can then be formed: between bonding pads 22 and pins 16; 

between inter-chip bond pads, between adjacent or proximate bond pads; between bond 
pad and intra-chip pad. The termination points of wire bonds 32 can be of ball, wedge, or 
other configuration as is known in the art, and formed with a conventional wire bonding 
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machine. Accordingly, a large number of I/O alternative configurations can be achieved 
for any semiconductor device, depending on the number and layout of the pads and 
configuration of wire bonds. 

In one embodiment, the active substrates 20 and 30 are gallium arsenide 
5 substrates. The fabrication of gallium arsenide structures may begin by applying an 
organic photoresist layer on the upper surface of a gallium arsenide substrate and 
patterning it in an appropriate manner to form, for example, a field effect transistor (FET) 
active layer mask. The next step is to ion implant impurities through the photoresist mask 
where there are windows or openings to form a doped region extending from the surface 
10 of the gallium arsenide substrate to a predetermined depth. The photoresist layer is 
subsequently removed and a capping layer is deposited over the gallium arsenide 
substrate. 

The material of a capping layer may, for example, be silicon nitride, silicon oxide, 
phosphorus-doped silicon oxide or aluminum nitride. The purpose of the capping layer is 

15 to reduce the outgassing of arsenic from the gallium arsenide substrate when the ion 

implanted region is annealed. The ion-implanted region is annealed by raising the gallium 
arsenide substrate to a high temperature such as 800 degrees C to permit recrystallization 
of the gallium arsenide damaged by the ion implantation. During recrystallization, 
substitution of the ion-implanted ions into the crystal lattices of the gallium arsenide 

20 material occurs. After the ion-implanted region is annealed, a step also called activation, 
the capping layer is removed and further processing continues. This includes the 
formation of ohmic contacts defining drain and source and deposition of material suitable 
to form the gate of a field effect transistor. The protective capping layer is applied 
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subsequent to the step of ion implantation. After the step of annealing, the capping layer 
is removed by selective chemical etching. The fabrication of the active structures such as 
transistors and diodes on the active substrates therefore involve many steps. 

In the case of GaAs HBT, complicated 3D structures of emitters, bases and 
5 collectors must be formed. The processing requires many steps of mask and photoresist 
for etching and lift-off of layers. Similarly, many steps of masks and layers for CMOS, 
BICMOS, and SiGe semiconductor dies are known to those skilled in the art. 

In contrast, the passive substrate 40 involves relatively simple geometries that 
define the RLC properties of the respective component being defined. Hence, the 

10 fabrication of the passive structures such as resistors, inductors and capacitors on the 
active substrate 40 involve fewer steps than those for the active substrates 20 and 30. 
Hence, the structure of active substrates 20 and 30 are more complicated and expensive 
than the passive substrates 40 to fabricate. By separating the manufacturing of passive 
substrates from the active substrates, over-all yield is improved, thus also reducing cost. 

15 Moreover, because the passive components are formed using semiconductor 

manufacturing techniques on gallium arsenide substrates, the electrical property and 
dimensions of each passive component can be tightly controlled, thus yielding better 
performance than modules with typical off-chip passive components. 

Fig. 2 shows an exemplary circuit that is partitionable into circuits on an active 

20 and a passive substrate. In this embodiment is a dual band front-end module (FEM) for 
communications circuitry such as high performance 802.11a/b/g wireless LAN circuits. 
The module can be a unitary device for wireless communications, and can include 
integrated power amplifiers (PAs), low noise amplifiers (LNAs), switches and other 
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circuitry and auxiliary electronic components, for example. In one embodiment, the 
module integrates dual band power amplifiers, dual band low noise amplifiers, switch, 
diplexer, baluns, filters, impedance matching networks, bias control, and power sensors 
to simplify design and production of end products. Bias control and compensation 
5 circuitry ensures stable performance over wide operating temperature range. 

The circuit of Fig. 2 includes a plurality of filters whose outputs are fed to 
impedance matching circuits. The baluns, filters and matching circuits are substantially 
passive circuits, so these circuits can be placed on the passive substrate 40 of Fig. 1. 
Since the PA and LNA circuits are primarily active, these circuits belong on the active 

10 substrate 20. The input to the LNA and the output from the PA are provided to additional 
sets of match circuits, filters and diplexer, which are again formed on the passive 
substrate 40 since matching circuits, filters and diplexer uses primarily RLC components. 
The outputs of the diplexers are provided to a switch, which in turn is connected to 
antennas. Since the switch uses transistors, it belongs on an active substrate. In the 

15 embodiment of Fig. 1, the switch is fabricated on a separate active substrate 30 due to 
space constraints on the active substrate 20. 

Fig. 3 illustrates an exemplary pin-out diagram of an exemplary IC for the circuit 
of Fig. 2. The pin-out shows the bottom side of the IC that includes a multitude of metal 
electrodes and an insulating substrate. The IC can include a center ground, which is the 

20 exposed bottom side of die pad, serving as major path for dissipating heat generated by 
the active substrate. To keep the amplifiers running without excessive temperature, it is 
important to minimize the heat transfer resistance of the active substrate to external space 
on printed circuit. It is also desirable to have minimal electrical resistance for the current 
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flowing between the center ground and the ground of the circuit board of the wireless 
device. 

In the typical application for a wireless communication device, the IC of Fig. 3 is 
electrically mounted to a printed circuit board in the wireless communication device. The 
5 circuit board includes a grounding circuit design at the location where the IC is mounted. 

Those skilled in the art will appreciate that semiconductor devices according to 
the present invention may include an integrated radio frequency (RF) transceiver circuit.. 
An electronic system includes an input device and an output device coupled to a 
processor device which, in turn, is coupled to an RF circuit incorporating the exemplary 

1 0 integrated circuit module 1 0 of FIG. 1 . 

The module 10 can also be employed for storing or processing digital 
information, including, for example, a Dynamic Random Access Memory (DRAM) 
integrated circuit die, a Static Random Access Memory (SRAM) integrated circuit die, a 
Synchronous Graphics Random Access Memory (SGRAM) integrated circuit die, a 

15 Programmable Read-Only Memory (PROM) integrated circuit die, an Electrically 
Erasable PROM (EEPROM) integrated circuit die, a flash memory die and a 
microprocessor die, and that the present invention includes such devices within its scope. 
In addition, it will be understood that the shape, size, and configuration of bond pads, 
jumper pads, dice, and lead frames may be varied without departing from the scope of the 

20 invention and appended claims. For example, the jumper pads may be round, oblong, 
hemispherical or variously shaped and sized so long as the jumper pads provide enough 
surface area to accept attachment of one or more wire bonds thereto. In addition, the bond 
pads may be positioned at any location on the active surface of the die. 
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Although specific embodiments of the present invention have been illustrated in 
the accompanying drawings and described in the foregoing detailed description, it will be 
understood that the invention is not limited to the particular embodiments described 
herein, but is capable of numerous rearrangements, modifications, and substitutions 
5 without departing from the scope of the invention. Accordingly, the claims appended 
hereto are written to encompass all semiconductor devices including those mentioned. 
Those skilled in the art will also appreciate that various combinations and obvious 
modifications of the preferred embodiments may be made without departing from the 
spirit of this invention and the scope of the accompanying claims. 
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